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Abstract 

B — > (-7T, n, n') transition form factors are investigated in the covariant light-front approach. 
With theoretical uncertainties, we find that B — > (tt, n, n') form factors at q 2 = are 
/(™ ,;) (0) = (o.245±g;gg5 ± 0.011, 0.220 ± 0.009 ± 0.009, 0.180 ± 0.008±g;gg|) for vector current 
and /^ ,W) (0) = (0.239l°;°° 2 +°;° 2 °, 0.211 ±0.009±Hi5> °- 173 ±°- m ±o°o\t) for tensor current, 
respectively. With the obtained g 2 -dependent f+(q 2 ) and observed branching ratio (BR) for 
Bd — > 7r + ^£, the V u h is found as |V^&|i,i? = (3.99 ± 0.13) x 10~ 3 . As a result, the predicted 
BRs for B -> {n,n')tv(, decays with t = e,\i are given by (0.49±g;g|±g;J?, 0.24±°;°™ 4 ) x 
10~ 4 , while the BRs for D~ -»• {n,n')£v t are (ll.l±g:|±g:g, 1.79±g:g|±g;J|) x 10~ 4 . In ad- 
dition, we also study the integrated lepton angular asymmetries for B — > (n, w, n')TU T : 
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One of the puzzles in exclusive B decays is the rf related processes. For example B — y rj'K 
was first observed by CLEO collaboration with the branching ratio (BR) (89l}g ± 9) x 10~ 6 
[j] which is much larger than 30 x 10~ 6 estimated by the factorization ansatz. With more 
data accumulated, experimental uncertainties are pinning down and the world averages on 
the BR for rf 1 ' production in B decays now are known as B(B + — y [77, tj']K + ) = [2.36 ± 
0.27,71.1 ± 2.6] x 10~ 6 , B(B° -> [r],i]K°) = [1.121^,66.1 ± 3.1] x 10" 6 Clearly, 
the large BR for B —y rj'K is not smeared by statistic. To unravel the mystery, many novel 
solutions have been proposed, such as the intrinsic charm in 77' j^, the gluonium state {4], the 
spectator hard scattering mechanism {5], the flavor- singlet component of 77' 6] and enhanced 
chiral symmetry breaking effects Although it is believed that some exotic effects should 
be associated with 77 W, it is difficult to specify where the novel effects should reside, since 
two-body hadronic B decays suffer from large uncertainties such as final state interactions. 

Compared with nonleptonic B decays, semileptonic B — y rf'Hvi and B s — y r](''£ + £~ decays 
are much cleaner and thus might be more helpful to explore the differences among various 
mechanisms. In particular, a sizable flavor-singlet component of 77W predicts larger BRs for 
B — y rj'ivf than the 77 modes, while the chiral symmetry breaking enhancement could give the 
reverse results Q. Nevertheless, before one considers various possible novel effects on rf'\ it 
is necessary to understand the BRs for B — y decays without these exotic effects. In 

our previous work 3], we used the perturbative QCD approach jg] to calculate the B — y rf^ 
form factors at large recoil; then the same whole spectrum as a function of invariant mass of 
Ivi for the form factors is assumed with that in the light-cone sum rules (LCSRs). Despite 
the predicted results for various branching ratios are consistent with the experimental data, 
it is meaningful to examine the same processes in other parallel frameworks. This is helpful 
to reduce the dependence on the treatments of the dynamics in transition form factors. The 
motif of this work is to employ another method to deal with the form factors: the covariant 



light-front (LF) approach 



9. 



101 ]. Since the predictions of B — y n form factors in LF model 



match very well with those applied to the nonleptonic charmless B decays, it is worthy to 
understand what we can get the B — y rf'> form factors by this approach. 

At the quark level, the B —y rf^lvi is induced by b — y ulv transition which will inevitably 
involve the uu component of the rf^ 1 meson. Then the convenient mechanism for the 77 — 77' 
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FIG. 1: Feynman diagram for the transition form factors, where the cross symbol in the diagram 
denotes the transition vertex. 



mixing would be the quark flavor mixing scheme, defined by 111, [12] 




(1) 



where r\ q = (uu + dd) /y2, r] s = ss and angle <p is the mixing angle. By the definition of 
(^\Q'lp,l5Q'\Vq'(p)) = ifq'Pp, (<?' = q, s), the masses of rj qtS can be expressed by 



m 



V^2 2 
- — (0\m u uij 5 u + m d di'y 5 d\r] q ) , m 2 ss = —{Q\m s si^s\ri s ) . (2) 
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Here, m qq and m ss are unknown parameters and their values can be obtained by fitting with 
the data. In terms of the quark-flavor basis, we see clearly that m qq and m ss are zero in the 
chiral limit. The advantage of the quark-flavor mixing scheme is: at the leading order in a s 
only the quark transition from the B meson into the 7] q component is necessary; while the 
other transitions like B — > rj s are suppressed by a s . The gluonic form factors (or referred to 
as flavor- singlet form factors) will be remarked later. 

For calculating the transition form factors, we parameterize the hadronic effects as 

(P(P")\qYb\B(P')) = f?(q 2 ) (pV-^A+tftf)^^, 
{P{P")\jia» v q»b\B{P')) = m f| 9 2 P F^M-^] > 

(P{P")\q'a, ulb b\B{P>)) = J£^L W PV (3) 

with P^ = (P' + P")^ and q^ = (P' — P")^- Since the light quarks in S-meson are u- and 
d-quark, the meson P could stand for ir and r\ q states. 

In the covariant LF quark model, the transition form factors for B — > P could be obtained 
by computing the lowest-order Feynman diagram depicted in FigJTJ Below we will adopt the 
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same notation as Ref. |9| and light-cone coordinate system for involved momenta, in which 
the components of meson momentum are read by P' = (P'~, P' + , P[_) with P !± = P'° ±P /3 . 
The relationship between meson momentum and the momenta of its constitutent quarks is 
given by P' = p\ + p 2 and P" = p'[ + p 2 with p 2 being the spectator quark of initial and 
final mesons. Additionally, one can also express the quark momenta in terms of the internal 
variables (xi,p' ± ) as 

Pl,2 = %1,2P + , Pl,2± = X 1>2 P± ± P± (4) 

with x\ + x 2 = 1. Here, the notation with tilde could represent all momenta in the initial 
and final mesons. 

In order to formulate the results of Fig. [I], the quark-meson-antiquark vertex for incoming 
and outgoing mesons are respectively chosen to be 

iT' P = H' pl5 , 

iWplo) , (5) 

where H' p is the covariant light-front wave function of the meson. Consequently, the ampli- 
tude for the loop diagram is straightforwardly written by 



J Pl N[N?N 2 ^ 1 ' 



K?PP _ -3 f jA„l H' P {Hp) c pp 

(2ir) 

'(") _ '(")2 >(»)2 AT _ -2 2 



M ' (2tt) 

where N c = 3 is the number of colors, N^"' = p'i"'* — m^" >A , N 2 = p 2 — rn 2 



S? p = 2p'^[M' 2 + M" 2 -q 2 - 2N 2 - K - m 2 ) 2 - {m'[ - m 2 ) 2 + (m', - m'[f\ 
+q^[q 2 - 2M' 2 + N[ - + 2N 2 + 2(m[ - m 2 ) 2 - (m[ - m'[f] 
+ p^-N[-N'{-{m' 1 -m'{f], 



S^v = -Wl-W"^ + 2m'lp[Y -2m>;P a pf 

+ 2m[P a pf - 2m' 1 P a q 13 + 2m' x pfqp) , (7) 



with the M'(M") being the mass of the incoming (outgoing) meson. As usual, the loop 
integral could be performed by the contour method. Therefore, except some separate poles 
appearing in the denominator, if the covariant vertex functions are not singular, the inte- 
grand is analytic. Thus, when performing the integration, the transition amplitude will pick 
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up the singularities from the anti-quark propagator so that the various pieces of integrand 
are led to be 



iVf) _> N?' = x 1 (M'^ 2 -M' i " )2 ), 
S -> S, 

d% -H' P H' P S -in f dx ^ h> P h>iS. (8) 



iV^'iV 2 * <- J X2 N' X N'{ 

We work in the q + = frame and the transverse momentum of the quark in the final meson 
is given as = p' L — x 2 q±. The new function of h' M for initial meson is given by 



with 



% ~ \j m i +P±+Pz> Pz- 2 2x2M , , UUj 

where e, can be interpreted as the energy of the quark or the antiquark, M' Q can be regarded 
as the kinetic invariant mass of the meson system and <p' p is the LF momentum distribu- 
tion amplitude for s-wave pseudoscalar mesons. The similar quantities associated with the 
outgoing meson can be defined by the same way. 

After the contour integration, the valance antiquark is turned to be on mass-shell and the 
conventional LF model is recovered. The formulas of the form factors in the LF quark model 
shown in Eq. ([7j) would contain not only the terms proportional to P M and q^, but also the 
terms proportional to a null vector u = (2,0,0jj. This vector is spurious, because it does 
not appear in the standard definition of Eq.Q, and spoils the covariance. In the literature, 
it is argued that this spurious factor can be eliminated by including the so-called zero-mode 
contribution, and a proper way to resolve this problem has been proposed in Ref. jsj]. In 
this method, one should obey a series of special rules when performing the p~ integration. 
A manifest covariant result can be given with this approach, which is physically reasonable. 
Using Eqs. ©-Q and taking the advantage of the rules in Ref. 0, Q , the B — >■ P form 
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factors are straightforwardly obtained by 



h' h" 

dx 2 d 2 p' ± - hphp 



x 1 (M? + MP)+x 2 q 



—x 2 (m' 1 — m'[) 2 — Xi(m[ — m 2 ) 2 — X\{m[ — m 2 ) 2 



167T 2 



dx 2 d p ± 



2 f 2/i ph p 



x 2 N[N'{ 



X\X 2 M' — p' ± — m' 1 m 2 + {m'[ — m2)(x2'm' 1 + Xim 2 ) 



+2- 



q \ ' q j q q 

r'2 , o™ ?i/r/2 



M 



//2 



^2(<? 2 + 9 • P) 



f?{q 2 " 



-{x 2 - xi)M' 2 + 2x 1 M ! ^ - 2 (mi - m 2 )(mi + m'/) 

xi(2m 2 — — m//) + 2mi 



N f h' h" 

(M' + M")#, / dx 2 d 2 p' ± hphp 



- 2 (mi - m'/) 



16tt 3 7 ~ ± ^x 2 N[N'{ 

vi p'±-q±" 



2 g 2 



(11) 



where the relation of f_(q 2 ) to f p (q 2 ) can be read by 

■2 



/oV) = W) 



2 2 

— mj, 



(12) 



Clearly, one has f p (0) = f p (0). 

After we obtain the formulae for the B — >■ P transition form factors, the direct application 
is the exclusive semileptonic B — > P£i?e decays. The effective Hamiltonian for b — > ulvii in 
the standard model (SM) is given by 

GpVub . 



H. 



eff 



V2 



(13) 



Although these decays are tree processes, however, if we can understand well the form 
actors, there still have the chance to probe the new physics in these semileptonic decays 
15l | . Hence, the decay amplitude for B — > Piue is written as 

GpVub 
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M(B -> Piu t ) 



?v e P\H cS \B) 



V2 



■(P\ui,(l - 75)615)^(1 - 75)^ . (14) 



To calculate the differential decay rates, we choose the coordinates of various particles as 
follows 



q 2 = (vV, 0, 0, 0), p B = (E B , 0, 0, |p P |), 
p P = (E P , 0, 0, |pp|), pi = (E e , |p^| sin6>, 0, |p £ |cos6») 



(15) 
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where E P = (m 2 B — q 2 — m 2 P )/{2^f(f), |p P | = y/E p — m 2 p , E t = (q 2 + mj)/(2y/q^) and 
Ip^I = {q 2 ~ m T)/(^vQ^)- ^ * s c l ear that 6 is defined as the polar angle of the lepton 
momentum relative to the moving direction of the S-meson in the q 2 rest frame. With 
Eqs. (I14p and ffl5|) . the differential decay rate for B — > Piv^ as a function of q 2 and # can 
be derived by 

dTp G 2 F \V ub \ 2 m% r — " / m2\ 2 

dq 2 dcos6 2 8 ir 3 v \ s J 

x [rf + r P cos 9 + rf cos 2 0] , (16) 

rf = P|/ + P2 (g 2 ) + (i-^) 2 ^/o P2 (^ 2 ), 



If = 2^P P (l-m|)/;( ? 2 )/ ( f( ? 2 
where s = q 2 /m 2 3 , rhi = mi/mp and 
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P P = 2y/s\p P \/m B = - s - m 2 P ) 2 - Asrrip . (17) 

Since the differential decay rate in Eq. f fl6|) involves the polar angle of the lepton, we can 
define an angular asymmetry to be 

f\ dzsign(z)dTp/(dq 2 dz) 

A(q 2 ) = 1 rl (18) 

J_j dzdV P /(dq 2 dz) 

with z = cosO. Explicitly, the asymmetry for B —t Plv^ decay is 

A ^ = w¥m- (19) 

Moreover, the integrated angular asymmetry can be defined by 

t J dq 2 J^ 1 dzsign(z)dT P /(dq 2 dz) 

Jip — J . (^UJ 

J dq 2 J dzdTp/ (dq 2 dz) 

The angular asymmetry is only associated with the ratio of form factors, which supposedly 
is insensitive to the hadronic parameters. Plausibly, this physical quantity could be the good 
candidate to explore the new physics such as charged Higgs [yj], right-handed gauge boson 



151 ] . etc. 

Before presenting the numerical results for the form factors and other related quantities, 
we will briefly discuss how to extract the input parameters for the r\ q in the presence oirj — rf 



mixing. Following the divergences of the axial vector currents 



<9V7m75?' = ^GG + 2m q ,q'i l5 q', 



(21) 



where G = G afiu are the gluonic field-strength and G = G afiu = e fJ-ual3 G'^ l3 , the mass matrix 
of 77g jS becomes 



M 2 M 2 

qq qs 

M 2 M 2 

sq ss 



(0\d»J%\rj q )/f q (0\d»J* 5 \ri q )/f s 
{^JlM/h (0\d»J° l5 \ Vs )/f s 

V2ya 2 



m 



2a 2 
V2ya 2 



m 2 s + y 2 a 2 



(22) 



with a 2 = (0\a s GG\r] q ) / \A\f2ix f q ) and y = f q / f s . Using the mixing matrix introduced in 
Eq. ([I]) , one can diagonalize the mass matrix and the eigenvalues are the physical mass of rj 
and rj'. Correspondingly, we have the relations [l^] 

1/2 



sin • 



2 



(m 2 , 


-m 2 ss )(m 2 - 




{m 2 , 


-m 2 )(m 2 ss - 


m \ q ) _ 


( m l> 


- m 2 ss )(m 2 ss 


-m v ) 




-m 2 q )(m 2 - 


~ m \q) 


(mj 


-m 2 qq )(m 2 - 


™ 2 qq) 


m 2 ss - m\ q 



1/2 



(23) 



and m^,) is the mass of rj^'>. Once the parameters 0, y and a are determined by experiments, 
we can get the information for m qq ^ ss and f q ^ s . Then, they could be taken as the inputs in 
our calculations. 

After formulating the necessary pieces, we now perform the numerical analysis for the 
form factors and the related physical quantities introduced earlier. For understanding how 
well the predictions of LF model are, we first analyze B — > it form factors at q 2 = 0. 
By examining Eq. (TIT]) , we see that the main theoretical unknowns are the parameters of 
distribution amplitudes of mesons, masses of constitute quarks and the decay constants of 
mesons. As usual, we adopt the gaussian-type wave function for pseudoscalar mesons as 



(3p J V dx 2 



dp' z 



P'z+P'l 

2f3' 2 



(24) 
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with (3p characterizing the shape of the wave function. Other relevant values of parameters 
are taken as (in units of GeV) 



m B 



5.28, m b = (4.8 ± 0.2) , m n = 0.U, 

m d = (0.26 ± 0.03) , /g — (0.19 i 0.02) , f n = 0.131 



n eeq+o.047 

u - ddo -0.048 ' 



/?; = o.3i, /?' 



QELQ+0.014 

u.odo_ 013 , 



(25) 



where m u ^ are the constituent quark masses, the errors in them are from the combination of 
linear, harmonic oscillator and power law potential 16[ and fp denotes the decay constant 
of P-meson. The shape parameters /3s are determined by the relevant decay constants whose 
analytic expressions are given in Ref. [lo| . Following the formulae derived in Eq. (TTTj) and 
using the taken values of parameters, we immediately find 



fn(r\\ _ n 9/ i [-+0.000+0.011 f7r/ n \ _ n qoq+0. 002+0.020 

J + K^J — U - Z ^ J -0.001-0.011 ' iTl u J — u - zoy -0. 003-0.018 ' 



(26) 



where the two kinds of uncertainties are from (i) f3' B ] (ii) the quark masses m u and m& (added 
in quadrature). To compare with the results of LCSRs given by f+{S))\LCSR — 0.258 ± 0.031 
and /t^Ilc'sr = 0.253 ± 0.028 jl7j ]. it is clear that although the central value of LF 
model is slightly smaller than those of LCSRs, they are still consistent with each other by 
counting the errors. Since we use the quark-flavor scheme, for estimating the form factors 
associated with & the va.ne 8 of involving — r8 ate chosen to be /, = (1.07 ± 0.02)/„ 



39.3° ± 1.0° 



12J, m qq = 0.14±°;5i GeV |7j], f +{T) = cos 



fVq 

r +(r) 



and 



sin i 



fVq 

f +(T) 



we 



have 



/*(0) 

mo) 



n oo/i +0.012+0.012 fVvfrw — n 070+0.011+0.022 
u - zo ^-0.012-0.011 5 Jt \ v ) ~ u - z ' °-o. 011-0.020 5 

fVf(W _ n 91 1 +0.009+0.017 
JT\ U ) ~ u - zii -0.009-0.015 ) 

fV' (n\ _ n 1 7Q+0.007+0.014 

Jt l u J ~~ v- 1 '°-o.oo7-o.oi3 j 



n 9on+ - 009 + - 009 

U.ZZU_ 009-0 .009 1 

n 1 on+ - 008 + - 008 

U.lOU„ . 008-0.007 i 



(27) 



where the first and second errors are from (i) j3' B and /3' v (ii) the quark masses m u and m&, 
respectively. From Eq. ( fill , one can see that the form factor f+ q (q 2 ) does not depend on the 
mass m qq , while the dependence of m qq in resides in the term M' + M" (in this case mg + 
. The uncertainty of fx caused by the m qq is less than 2%. Furthermore, since the form 



m 



qq ) 



factors are associated with mixing angle 0, the corresponding uncertainties for B — > 77W and 
BRs of B -+ rf'Hn are expected to be 2.1% (1.4%) and 4.2% (2.8%), respectively. Despite 
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different treatments of quarks' momenta, the results here are well consistent with that in 
light-cone quark model constructed in the effective field theory [1^ |: /+ 9 (0) = 0.287*g;og5. 
Intriguingly, our results are also consistent with f+(0)\LCSR — 0.23llo;g2o an d /+ (®)\lcsr — 



0.189tg'o^g calculated by LCSRs [19j. In order to understand the behavior of whole g 2 , the 
form factors for B — > P are parametrized by [l^] 



(28) 



1 — aq 2 /m 2 B + b(q 2 /m 2 B ) 2 ' 

where Fj denotes any form factor among /+,o,t- The fitted values of a, b for B — > (rr, rj, rj 
are displayed in Table [H where the uncertainties are similar to the ones given in Eq. (J2 



TABLE I: Values of parameters for q 2 dependent B — > (tt, r/, rj 1 ) form factors calculated by LF 
quark model. 



F(q 2 



F(q 2 



Jo 



f> 



1 R9 +0.05+0.12 
-"^^^-O.OS-O.ll 

n 7 c;+0.04+0.11 
u -' d -0.03-0.10 

1 Rn+°- 05 + - 12 
-•■■ uu -0.05-0.11 



n yo+0.09+0.17 
u - ' y -0.08-0.15 

n n7 +0.02+0.05 
u - u ' -0.03-0.05 

n 7C-+0.09+0.17 
u -' d -0.08-0.15 



h 
Jt 



1 crt;+0.04+0.11 
i -' J ' J -0.05-0.10 

n fi7 +0. 03+0.09 
u - u ' -0.03-0.09 

1 c;q+0.04+0.11 
± -" JO -0.04-0.10 



n cc;+0.08+0.13 
u - u,J -0.06-0.12 

n n o+0.03+0.03 
U - UO -0.02-0.03 

n R9 +0.08+0.13 
u - uz -0.07-0.11 



In the quark flavor mixing mechanism, the 77 and rj' meson receives additional coupling 
with two gluons, due to the axial anomaly. Thus to be self-consistent, in the study of the 
transition form factors, one also needs to include the so-called gluonic form factors which 
is induced by the transition from the two gluons into the 7/'). In our study, the gluonic 
form factors have been neglected and there are two reasons for this. In the light-front quark 
model, the leading order contribution to the form factor is of the order a® while the gluonic 
form factor is suppressed by the a s , where the coupling constant is evaluated at the typical 



scale fi ~ ^/Aq CD x m B (with Aqcd hadronic scale). The inclusion of the gluonic form 
factors also requires the next-to-leading order studies for the quark content, which is beyond 



the scope of the present work. Secondly the 
such as the perturbative QCD study in Ref. 



actorization analysis of the gluonic form factors 



221 ] reflects that there is no endpoint singularity 



in the gluonic form factors and the PQCD study shows that the gluonic form factors are 



negligibly small. This feature is also confirmed by the recent LCSR results [19[. For terms 
without endpoint singularity, different approaches usually obtain similar results. Thus our 
results of the semileptonic B — > r\^lv will not be sizably affected by the gluonic form factors, 
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although they are not taken into account in the present analysis. 

Besides the form factors could be the source of uncertainties, another uncertain quan- 
tity in exclusive b — > uiug decays is from the Cabibbo-Kobayashi-Maskawa (CKM) ma- 
trix element V u b ~ A 3 with A being Wolfenstein parameter. Results for determined 



by inclusive and exclusive decaying modes have some inconsistencies 15|, [20|. For a self- 



consistent analysis, we take B — > it form factors calculated by LF model and the data 



B{B d -»■ ir+t'utr) = (1.36 ± 0.09) x 10" 4 with £' = e,/i |20j as the inputs to determine the 
\V u b\. Neglecting the lepton mass, one gets the differential decaying rate for B — > iti'v? 
dY n G 2 F \V ub \ 2 m 3 B r- —r ( 2n£\ 2 



V(l-s + mJ) 2 -4m2 (fUq 2 ^) , (29) 



dq 2 3 • 2% 3 

where only the /T_ form factor involves. Accordingly, the value of V u b is found by 

IK&Ilf = (3.99 ±0.13) x 10~ 3 . (30) 

With the obtained result of (K^Ilf, the form factors in the Table [U the predicted BRs 
for B~ (r), r)')£vg, together with the experimental results measured by BaBar collabora- 



tion 21], are displayed in Table HT1 The predicted result for the BR of B~~ — > rjiug is about 
two times larger than that of B~ rj'ivf. the form factor of B~ — > r\ is larger than the 
form factor of B~ — > rf; the phase space in B — > Vjlvi is smaller. Branching ratios for decays 
with a tau lepton are naturally smaller than the relevant channels with a lighter lepton. 

TABLE II: BRs of B~ -> rf'Hv t (in units of 10" 4 ). The two kinds of errors shown in the table 
are from (i) j3' B , fi'^ ; (ii) the quark masses m u ,mb, respectively. 



Mode 


b~ -> r^vff 


B — > r]TU T 


B~ — > rfefue 


B~ 


— > rj'ru T 


This work 


n .q+0.02+0.10 
u -* y -0.04-0.07 


n 9Q +0.01+0.07 
u - zy -0.02-0.05 


n 9/l +0.01+0.04 
u - z ^-0.02-0.03 


0.13: 


-0.01+0.03 
-0.01-0.02 


Exp. [21] 


0.31 ± 0.06 ± 0.08 




< 0.47 







According to Eq. f|T9l . moreover, we can study the lepton angular asymmetries. Using 
the obtained form factors, we present the asymmetry as a function of q 2 in Fig. |2} where 
the solid, dashed and dash-dotted lines are for B~ (rr , 77, t]')tv t , respectively. Due to 
the angular asymmetry being proportional to m 2 in the SM, here we only present the effects 
on r decaying modes. At very small q 2 region, the three lines are approaching the point 
0.75 which can be easily derived from the definition of angular asymmetries. At the small 
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recoil region, the Pp defined in the Eq. (fT7|) is approaching zero and all the lepton angular 
asymmetries are close to 0. The integrated angular asymmetries defined in Eq. ( 120]) for 
B~ (vr , V , i)rv T are predicted by (0.277±g:ggi±gS8|, 0.290±S"SSS±S-SS, 0.312±S-SSJi±S-^ 



-0.000-0.003' 



-0.000— 0.006 J 



•4p(*) 



10 15 

? 2 (GeV 2 ) 



FIG. 2: Angular asymmetries for B — > (Tr,rj,rj')£v£ are depicted by the solid (black), dashed (red) 
and dash-dotted (blue) lines, respectively. 



Finally, we make some remark on the D decays. We find that the obtained information 
on can be directly applied to the semileptonic D + — > rf'Hvi decays. Since the associated 
CKM matrix element \V c d\ = 0.2256 ± 0.0010 has small errors, if the decay constant of D- 
meson is well controlled, the rf^ production in D decays could be the good environment to 
test the properties of rf'\ Hence, by similar calculations performed in B decays and taking 
f D = (0.205 ± 0.020) GeV, D = (0.462+°;°^) GeV and m c = (1.4 ± 0.1) GeV, the form 



factors for f+^ x ' (l 2 ) are obtained by 



0.688 



/o 
It 



(? 2 



1 - 1.03s + 0.29s 2 
0.705 

1 -0.39s + 0.01s 2 : 
0.616 



(31) 



1 - 1.08s + 0.25s 2 ' 

where we have used the parametrization defined in Eq. (1281) . s = q 2 /m 2 D and only the 
central values are shown. The small differences between /+(0) and /o(0) arise from the 
fitting procedure. Replacing the parameters of 5-meson appearing in Eq. fl29l by those of 
D-meson, the BRs for D~ — > (77, r]')£i/£ are predicted by 



>i 11+0.05+0.09^ ln - 
, i - ii -0.06-0.09J x iu 



(1.79 



+0.07+0.12\ ln -4 
-0.08-0.12y 1 A 1U 



(32) 



12 



respectively. It is found that B(D — > rj'iui) is almost one order of magnitude smaller than 
B(D~ — > r\ti>(). The reason for the resulted smallness is just phase space suppression. Our 



predictions are well consistent with the recent measurements by the CLEO collaboration 23j : 



B(D-^r]£u e ) = (1.33 ± 0.20 ± 0.06) x KT 3 , 

B(D~ r)'m) < 3.5 x 10" 4 . (33) 
This consistence is very encouraging. The D~ — > rj'W may be detected in the near future. 



24 1 



Our results are also consistent with the results given in Ref. 

In summary, we have calculated the B — > (it, t], 7/) transition form factors in 
LF approach. We find that at maximum recoil the values of form factors are 
/j™')(0) = (0.245+°;°°? ± 0.011, 0.220 ± 0.009 ± 0.009, 0.180 ± 0.008+°;°°^) and 
f^\0) = (0.239 + °;°raoi8, 0.211 ± 0.009 + °;°} 5 7 , 0.173 ± 0.007 + °;°i 4 ), respectively. 
Our calculated values are consistent with the results done by LCSRs. With the ob- 
tained form factor fl(q 2 ) and observed BR for — > ir + £b , £, the V u f, is extracted to be 
IK^Ilf = (3.99 ± 0.13) x 10~ 3 . Accordingly, we predict the BRs for B — )■ (77,7/)^ decays 
with t = e, /i as (0.491°,;°,^°,;^, OM^-lm) x !0~ 4 , while the BRs for D~ (77, rf)lv t are 
given by (ll.l±g;|±g;|, 1.79±g;g^±g;i|) x 10" 4 . In addition, we also show that the lepton angular 
asymmetries for B -+ (rr, V , V ')ru T are (0.277 + °;°°i + °;°^, 0.2901^:^, 0.312 + °;°^:^)- 
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